[Abstract] Nitrogen is an essential nutrient for all living organisms. In cyanobacteria, a group of oxygenic photosynthetic bacteria, nitrogen homeostasis is maintained by an intricate regulatory network around the transcription factor NtcA. Although mechanisms controlling NtcA activity appear to be well understood, the sets of genes under its control (i.e., its regulon) remain poorly defined. In this protocol, we describe the procedure for chromatin immunoprecipitation using NtcA antibodies, followed by DNA sequencing analysis (ChIP-seq) during early acclimation to nitrogen starvation in the cyanobacterium Synechocystis sp. PCC 6803 (hereafter Synechocystis). This protocol can be extended to analyze any DNA-binding protein in cyanobacteria for which suitable antibodies exist.
55. Autoclaved BG110C medium liquid (see Recipes) 56. Autoclaved BG110C + NH4 medium liquid (see Recipes) ) www.bio-protocol.org/e2895 2. Using the preculture (2-3 μg Chl/ml) inoculate a 2 L flask with 500 ml of BG110C-NH4 and continue its incubation under the same conditions until cells reach a chlorophyll concentration of 3-4 μg/ml.
3. Split the culture between two autoclaved centrifuge bottles, each containing 250 ml of the original culture for ammonium (NH4 + ) and nitrogen depletion (-N) treatments. Spin down the cells at 5,000 x g at room temperature for 5 min and discard the supernatants. Wash the pellets twice with 250 ml of BG110C-NH4 + for NH4 + , and BG110C for -N treatments. Resuspend the pellets in 250 ml of the corresponding media and transfer the cultures to two 1 L flasks. The cultures were grown as above for 4 h.
4. Add 6.75 ml of 37% formaldehyde to both cultures (NH4 + and -N) to reach a final concentration of 1% formaldehyde (for cross-linking). Incubate for 15 min at room temperature with occasional gentle shaking.
5. Stop the cross-linking reaction by adding 12.5 ml of 2.5 M glycine to obtain a final concentration of 125 mM and incubate at room temperature for 5 min with occasional gentle shaking.
6. Pass the cultures to two autoclaved centrifuge bottles and spin down the cells at 4 °C for 5 min at 5,000 x g. Discard the supernatant (containing formaldehyde) into a suitable waste container.
Wash the pellet twice with 10 ml of cold TBS buffer. 5. Centrifuge the sonicated samples at 10,000 x g at 4 °C for 15 min to eliminate cell debris and transfer the supernatant to a clean 1.5 ml microtube.
6. To check the length distribution of DNA fragments after shearing, load 20 μl of your sonicated samples in a 1% agarose gel. Your sheared DNA must be concentrated around 200-400 bp.
7. Collect 10-20 μl to measure protein concentration of the whole-cell extract, using the Bradford protein assay.
8. Whole-cell extracts can be either stored at -20 °C or immediately used for immunoprecipitation.
Copyright © 2018 The Authors; exclusive licensee Bio-protocol LLC. 3. Collect the beads with the DynaMag TM magnetic stand and pass the supernatant (500 μl) to a clean 1.5 ml tube.
4. Add 2-5 μg of antibody to IP samples (depending on the antibody; for commercial antibodies refer to the manufacture's ChIP-seq protocols).
5. Incubate IP samples at 4 °C with rotation overnight (at least 16 h).
6. Add 20 μl of pre-washed magnetic beads to each IP sample and incubate for 2 h at 4 °C with rotation.
7. After incubation, discard the supernatant carefully using the DynaMag TM magnetic stand and wash the magnetic beads twice with 1.5 ml of lysis buffer with 5 min rotation at room temperature.
8. Repeat washing step using Wash buffer 1, Wash buffer 2, and TE buffer.
9. Resuspend the magnetic beads in 100 μl of TE buffer containing 20 μg of DNAse-free RNase A, incubate at 37 °C for 30 min. Wash the beads with 1.5 ml of TE buffer.
10. To elute the immunoprecipitated material, resuspend the magnetic beads in 100 μl of Elution buffer and incubate at 65 °C for 30 min with occasional vortex rotation (gently, under medium speed).
11. Repeat the elution step and combine the two eluates. 
Data analysis
In this section, we provide an example of ChIP-seq analysis prepared as a tutorial, using a subset 1. Quality control analysis of the sequencing reads using FastQC. Before analyzing your sequences, you should always carry out quality control of the raw sequence data to identify potential artifacts. The FastQC (Figure 3 ) software contains different analysis modules including:
(i) Per base sequencing quality (the higher the score the better the base call; in any case the lower quartile for any base should be higher than 10); (ii) Per base sequence content (this should show a non-random distribution of the nucleotide at each base; differences between A and T, or G and C should not be greater than 10% for any position); and (iii) Duplicate sequences (nonunique sequences should not constitute more than 20% of the total sequences). More www.bio-protocol.org/e2895 :$ bowtie2-build path_to_genome_reference genome_index
Arguments:
path_to_genome_reference: the system path to the file containing the reference genome downloaded from NCBI in fasta format. -U sequence_reads.fastQ: File containing the unpaired reads to be aligned.
-S alignment_file.sam:
File to write and save SAM alignments to.
In our example, we would use the following command line to align two ChIP-samples using The command line to normalize our ChIP-seq data using the RPKM method is given by:
5. Peak calling. Peak calling is carried out using two programs, MACS and the Bioconductor R package BayesPeak. Both programs work without sequence files for Input DNA, using regional counts from IP as a background. When Input DNA sample is available, they compare IP with input sample to identify enrichment. This procedure leads to better sensitivity and specificity than using IP sample alone. For both programs, the previously generated BAM files from IP and Now, we can annotate the peaks using the annotatePeak function in ChIPseeker. We will use the BED file generated by MACS in the peak calling analysis (see above). The function annotatePeak requires a peak-containing object (peaks in bed format), a TSS range region (in our case: −300 bp and +300 bp from the TSS) and the Synechocystis TxDb object created above. The command lines to annotate the peaks are given by:
#peak annotation using ChIPseeker.
library(ChIPseeker) peakfile = 'NtcA_N_peaks.bed' #bed file generated by MACS and located in the same directory as the R working directory peakAnno <-annotatePeak(peakfile, tssRegion=c(-300,300), TxDb=txdb)
write.table(peakAnno,file = 'N_annotated_peaks.txt', sep='\t')
The output file from ChIPseeker contains the position, the strand, and the distance from peak to the TSS of the nearest genes. The genomic region of the peaks is also reported in the annotation column (Promoter, 5' UTR, 3' UTR, exon, intron, downstream, intergenic).
Notes
All software mentioned in this article can be readily installed and run on computers with Linux (Ubuntu version 14 or higher) or Mac OS (Mac OSX 10.6 or higher). They require a minimum of 2 GB of RAM and 2 GHz dual-core processor for genomes of the size of Synechocystis (i.e., 3.6 Mb).
To store all files generated during the analysis, depending of the number of experimental samples, a minimum of 25-50 GB of hard-drive space is essential. However, to perform the tutorial described in our data analysis section, only 1 GB of hard-drive space is required. Most of the software can also be executed within Windows, but require a lengthier installation process. Alternatively, some of the bioinformatic tools listed above are offered by online platforms, such as Galaxy 
